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FUS~~~~DISTRIBTlTIOm 

By Joseph W. Cleasy and Jack A. Mellenthin 

Measurements of wing &nd fueelage pressure distribution8 were made 
at low and high subsonic Mach numbers on a O.l&cale model of the pro- 
jected X-3 research airplane. The tests were conductedinpitchand in 
yaw and included measurements of the total pressure in the fuselage 
boundary layer at the location of the left boundary--layer bleed scoop. ' 
The X-3 is a supersonic design utilizing a low-aepeo-&ratio wing and .I 
tail. 

Pressure4istribution measurements indioated that, although the 
critical Mach number of the wing w&8 approximately 0.81. at g0 angle of 
attack, ccxnpressibllity effects were of little significance below a 
Mach number of at leaet 0.9. The principal effect of oomIzessibili.ty 
W&B an increase in the pressure gradient over the after 30 percent of 
the wing chord, causing a tendency for the flow to sewate. 

At 0.40 &ch number, the wing stalled abruptly at approximately 
12' angle of attack. The wing pressure distribution showed this stall 
wa8 a result of complete 8eIezation of the flow from the upper surface 
of thewing. Deflecting the leading-edge flaps delayed the stall to a 
higher angle of attack with acme increase in the maximumsectionnormal 
force. 

IXTRCDUCTION 

Measurements of wing and fuselage pressure distributions were made 
on a O.l&cale model of the X-3 airplane in con&n&ion with high-speed 
lateral- and longitudir?Etlrstability teets (referencee 1 and 2) as it was 
desired to calculate the chord and 8pan loading, to estimate the critical ' 
Mach number of the wing and fuselage combination, and to furnish aer+ 
dynamic data of general interest on this supersonic design, 



2 NilCYL RM A5CDO7 

The tests were ocmducted in the Ames 16-foe-b high-s-peed wknd 
tunnel and were made at the request of the U. S. Air Force. The tests 
extended oBer a Mach number range from 0.40 to 0.925. 

cm1cIENTs AND SYMBOLS 

The following definitions apply to the coefficients and symbols 
used in this report: 

% section normal-force coefficient section normal force 
G 

P pressure coefficient 

P cr critical pressure coefficient (the pressure coefficient at which 
the local velocity became sonic) 

b wing sgan, feet 

'S wing area, square feet 

C wing chord, feet 

cav average wing chord feet 

F; mean aerodynamic chord of the wing feet 

H local total pressure, pounds per square foot 

% free-stream total premure, pounds per square foot 

L.E. leading edge 

M free-stream Mach number 

%r critical Mach number (the free-stream Mach number for which 
sonic flow first occurred on the model at the station or 
point be- considered) 

P local static pressure, pounds per square foot 

PO free-stream static pressure, poun& per square foot 
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¶ free-sixeamdynamic pressure 
( > 

$SP , pounds per square foot 

v free-stream velocity, feet per second 

Y perpendicular distance along the wing semispan from the plane 
of symmetry, feet 

a angle of attack of the fuselage reference line corrected for 
the effects of the tunnelw&l.ls, degrees 

c$ angle of attack of the fuse-0 reference line uncorrected 
for the effects of the tunnel walls, degrees 

Bzf leading-e-flap deflection, positive downward, degrees 

P mass density of the free stream, slugs per cubic foot 

*Lu angle of yaw of the fuselage reference line uncorrected for 
. the effects of the turnel walls, degrees 

MCIDELANDAETARATUS 

Figure I shows the locations of the pressure-orifice stations on 
the wing and fuselage of the model. Pressure-orifice stations c~1 the 
left wing were 9.02 and 16.56 inches from the plane of syrvnetry while 
those on the right wing were 12.16 and 19.20 inches from the same 
reference plane. The orifices on the fuselage were in 10ng1tudIns.l 
rows as shown in the sketch. Atotal-qressurerakewas installed on 
the fuselage at station 43.2Oinches tomeasure the thiclmess of the 
boundary layer at a location that corresponded to the entrance of the 
left boundary--layer bleed scoop. Figures 2, 3, andhare photographs 
of the model and of the installation of the boundary-layer rake. 

The O.l&cale model had an aspect ratio of 3 .Olsnd a wing 
taper ratio of 0.4. The .j'+percent-chordline of thewingwas per- 
pendiculsr to the plane of symmetry. Thewinghada symmetrical 
hexagonal section 4.5 percent thick with rounded corners at 30-and 
7CLpercmt chord and sherp leading and trailing edges. Figure 1 
show-s atypical section throughthewing. A detailed description of 
the model and a tsble of dimensions are given in reference 1. . 

The model for all pressure measurements consisted of the wfng, 
the tail, and the fuselage with the tail.boom. The canopy, air 
scoopa, and nose fins were omitted. 

. 
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Thb model was supported on a sting that csxried the pressure leads 
from the model to mercury-in+Q.ass manometers. Pressur~stribution 
measurements were made in pitch at O" angle of yaw and, in yaw, at 
approximately 6.2O angle of attack. With the model mounted so the wing 
span was vertical, the angle of yaw was varied with the mechanism nor- 
mally used to vary the angle of attack. (See fig. 3.) The angle8 of 
attack and of yaw of the model were measured visually with a protraotcz 
mounted outside the tunnel test section. 

REDUCTION ClE' DATA 

The wind-tunnel-wall snd constriction oorrectians are given in 
reference 1. 

Section normal-force data were derived by mechanical integration 
of pressure-distribution plots. The section loading coefficients 
were oomputed by multiplying the section normal-fcroc coefficients by 
the ratio of the section chord to the average wing chord, 

RESCLTSANDDISCUSSION 

Characteristics in Pitch 

Win&z uressure distxibution.- The distribution of pressure over the 
wing of the model with the leading-edge flaps undeflected is shown in 
figure 5. As the angle of attack was increased, at 0.40 &@ch number, 
the minimum pressure coefficient near the leading edge increased in 
absolute value up to an angle of attack of approximately 3O to 60. 
Further increase in angle of attack extended the region of approxi- 
mately uniforni minimum peasure coeffioient on the upper surface 
until at lZ?O it oovered fram 25 to 6C percent of the chord. Between 
12' and 15O angle of attack, the flow over the whole upper surface 
separated and remained separated at the higher angles of attaok. The 
ohanges in pressure distribution between 6O and l2O angle of attaok 
represent a re arwardshiftofthe center of peesure sndappearas a 
stable variation of the tail-off pitching momentinthedatiof 
reference 1. 

The effects of oompressibility do not appear significant below a 
Mach number of approximately 0.9. At Mach numbers of 0.9 and 0.925, 
for a given angle of attack, the pessure gradients were steeper over 
the after 30 percent of the chord than at the lower Mach numbers. The 
flow also had a tendency toward earlier separation, a factor which 
might cause some loss in aileron effectiveness at the higher Mach 
numbers, (See reference 2.) 
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Deflecting the leading-edge flaps loo and 30' (figs. 6 and 7, 
respectively) created a region of minimum pressure coeficient along 
the flap hinge line that shifted to the leadIng edge at the higher 
angles of attack. At the higher Machnumbers endleading~dg&lap 
angles the flow tended to separate fram the upper surface behind the 
flap hinge line. 

Fuselage pressure distributign .- Figure 8presents the distri- 
bution of pressure over the fuselage. The relatively large negative 
pressures that occurred in the region of the wing are attributed to the 
combination of the flow fields of the wing and fuselage. The absolute 
value of the negative pressure coefficient on the fuselage was less 
than that on the wing for any given angle of attack. The separation 
of flow that occurred over the upper surface of the wing for angles of 
attack greater than 12' did not extend over the center of the fuselage 
in the region of the wing. 

Critical Mach number of wing and fuselage,-The variation of 
critical &ch number of the wing with -10 of attack is presented in 
figure 9 for leading-edge-flap angles of O" and 30°. With an angle of 
attackof OOandaleading-edge+Plapangle of O", sonic flow first 
occurred at wing station 16.56 inches at a Mach Tluniber of 0.8l. The 
lowest critical Mach number measured tith the flaps undeflected was 
0.625 at '7° angle of attack at wing station 9.02 inches. 

Defleoting the leadingadge flaps 30° lowered the critical Mach 
number of the wing throughout the usable e,ngle-of-ELttack range (fig. 9). 

The variation of crit,icalMsch number of the fuselage With angle 
of attack is presented in figure 10. At 0' angle of attack, the lowest 
critical Mach number measured on the fuselage was 0.89 cm the upper row 
of fuselage orifioes. For angles of attack between 3O and 17.5O, the 
lowest critical Mach number was measured on the right row of fuselage 
orifices. 

Wina, secticm normal+force and section loa- characteristics.- 
Figure llpresents thevariation of sectionnormalforcewithangle of 
attack for leading-edgelap angles of O" and 30°. The normal4orce 
characteristics are in agreement with the lift characteristics pe- 
sented in reference 1. Any spanwisevariationof the stalling angle 
was djqficult to detect because of the limited data in the region of the 
stall. The data indicate that the stallprobablyoccurredalmost 
simultaneously at all stations at 0.40 I&ch number. 

Deflecting the leading-edge flaps 30' delayed the stall and 
increased the section normal force at the stall almost 50 percent. 

The variation of the section loading coefficient along the span 
for the wing outboard 
13 for leading-edge-fla 
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Boundary layer at fuselage station 43.2 inches.- Measurements 
were made to determine the thiokness of the boundary la.Yer at the 
entrance to the left boundary-layer bleed scoop. (see figs. 1 and 4.) 
The rat&recovery ratio in the boundary layer is shown in figure 14. 
The boundary-layer thickness was of the order of 0.4 inch at all Mach 
numbers of the test, and the thickness inoreased slightly with angle 
of attack. 

Characteristics in Yaw 

Wim and fuselage ureasure distxibution.- Figures 15 and 16 show 
the pressure distribution'over Ii& wing and fuselage, respectively, for 
several angles of yaw and an angle of attack of approximately 6.2O. 

At 0' yaw and approximately 6.2O angle of attack, peak pressures 
at the leading edge (primarily at wing station 12.16 inches) were me 
negative when the model was mounted with the wing span vertical for the 
yaw tests (fig. 3) than with the model upright for the pitch tests. A 
contributing factor may have been that, with the model mounted for yaw 
%estB, ths tingplanewas muchnearertoone of the tunnelwalls than 
for tests with the model in the normal attitude. This was due to the 
fact that the tunnel is but 12 feet wide and the model was not on the 
tunnel center line. For this reason the pitch datamaybe themore 
reliable, 

Boundary layer at fuse-e station 43.2 inches.- The ra.m6recovery 
ratio in the boundary layer at a position correspondIn@; to the entrance 
to the left boundary-layer bleed scoop with the model yawed is presented 
in figure 17. Theboundary-layer thicknessappearedto decreasewith 
increasing angle of yaw. For high angles of yaw, the slight deficiency 
in ram recovery outside the boundary layer apparently was due to the 
inability of the r&e.to measure the full total pressure for the highly 
yawed attitudes. The data indioate that with the model mounted for yaw . 
tests but with 0' yaw, the boundary layer was slightly thicker than with 
the model u@ght at a corresponding angle of attack. The differences 
may have been due to variations in the surface condition of the model OT 
to inaccuraoies of measurement. 

Wing and fuselage pressure4is~ibution meaeurements on a 0.16- 
scale. model of the proposed X-3 research airplane indicated that, although 
the critical Mach number was O.& at O" angle of at&ck, com~essibility S 
did not seriously affect the flow over the model below a Mach number of 
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0.90. The @nci~lMach number effect was to inorease the preeeure 
gradient over the after 30 peroent of the wing chord, causing a 
tendency for the flow to sepm3te. 

At 0.40 Mach number, the wing stalled at approximately l2O angle 
of attack. This stallappeared,franthewingpressure disiit-ibution, 
to involve complete sepszation ti the flow from the upper surfaoe. 
Deflecting the leadingadge flaps 30° delayed the stall and inmmased 
the eection rmrml force at the stall almost 50 peroent. , 

Ames Aeronautical Laboratory, . 
National Advisory CommIttee for Aeronautics, 

Moffett Field, Calif. 
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Figure I.- The /ocuf/on of the pressuti+or/f/ce stutions on the wing 
and fuselage of fhe X - 3 m 0 de/. 





Figure 2.- The X-3 model mounted in the Ames l&foot high-speed wind 
tunnel for pressure-dfstributionteets in pitch. 





Figure 3,- The X-3 model mounted in the Ames 164oo-t high-speed wind 
tunnel for pressur&stribution tea-be in yaw. 
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Figure4 .-The fuselage boundary-layer rake mounted on the X-3 model. 
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